This study was designed to collect and analyse information on food fortification in the Caribbean and its possible modification to improve the health of West Indians. Foods already fortified and imported into the Caribbean are not included except for pre-ground flour. The data were obtained by visiting flour mills and supermarkets and by discussing fortification programmes with health and agriculture officials All 17 member countries of tile Caribbean Food and Nutrition Institute and the Pan American Health Organization (CFNI/PAHO) were included in the study.
Introduction
The purpose of food fortification is to maintain the health of individuals in a group or population by providing adequate levels of nutrient intake. While such a programme may be implemented primarily to combat a nutritional problem apparent in a particular target group, it may also have benefits outside the immediate target group, depending on the nutrient intake of other groups involved.
The potential benefits of fortification are greatest where the total amount of food is reasonably adequate but where the nature of the food supply is such that one or more nutrients are in limited supply (or where environmental factors affect requirements for particular nutrients). In this situation, a prime consideration is whether a change in the nature of the foods consumed, an improvement in their nutritional quality (through fortification), or a combination of these is most desirable. In any event, one of the primary goals of fortification is to provide the additional nutrients required to upgrade a population's diet, rather than to emphasize improvement of individual foods.
No study has ever compiled information on food fortification in the Caribbean and its possible modification to improve the health of West Indians. This study was done to collect and analyse such information. Foods already fortified and imported into the Caribbean are not included except for pre-ground wheat flour. All 17 member countries and territories of the Caribbean Food and Nutrition Institute and the Pan American Health Organization (CFNI/PAHO) were chosen for the study. The author visited most of these countries. The information was obtained by visiting flour mills and supermarkets and by discussing fortification programmes with health and agriculture officials. Information from three of the countries was obtained by correspondence.
The author is a Public Health Nutritionist with the Caribbean Food and Nutrition Institute in Kingston, Jamaica. Table 1 shows the programmes for the fortification of food products with vitamins and minerals operating at present in the CFNI member countries. Only four of the thirteen smaller countries and territories have such programmes: Barbados, Belize, Grenada, and Saint Vincent. Several foodstuffs are fortified in Barbados and Saint Vincent; in Belize and Grenada only wheat flour is fortified.
Results
Three of the four larger countries have fortification programmes. A variety of foodstuffs are fortified in Jamaica and in Trinidad and Tobago, and wheat flour is fortified in Guyana. There is no fortification scheme in Suriname at present.
Possibilities for modifications or additions to these fortification programmes are listed in table 2. Among the smaller countries, Barbados and Saint Vincent each have a number of food processing facilities where more or different vitamins and minerals could be added to the various foods; Antigua and Saint Christopher-Nevis each have a central sugar processing plant, and Belize and Grenada each have a central wheat flour mill. In the remaining smaller countries and territories any fortification programme would be difficult because there are few facilities for food processing.
Of the larger countries, Jamaica, Guyana, and Trinidad and Tobago all have many food processing plants. In Suriname there is a central wheat flour mill, and a central rice flour mill may be opened soon.
With the exception of Guyana, where rice consumption is highest, wheat flour and wheat products are the principal foodstuffs in the Caribbean. As can be seen in figure 1, wheat and wheat flour are imported from the Federal Republic of Germany, the United States, Canada, and Puerto Rico. Some of the pre-ground wheat flour imported to the Caribbean is fortified with vitamins and iron.
All flour ground locally in the Caribbean from imported wheat is fortified with vitamins and iron except counter flour (coarse flour) ground in Grenada and all flour ground in Suriname. By law wheat flour must be fortified with iron and the B complex vitamins in Jamaica, Trinidad and Tobago, and Guyana. This fortification is usually at the following levels: The iron added to both pre-ground and locally ground wheat is in the form either of ferrous sulphate or of reduced iron, the latter usually in particles 44 microns in size. Ferrous sulphate has a higher bioavailability than does reduced iron of such large particle size. In one of the flour mills reduced iron with smaller particles is being used, which should be more available.
Wheat for baking flour is imported into Jamaica and ground at the Jamaica Flour Mills. This baking flour accounts for about 40% of the total consumption of wheat flour in the country, and its iron source is usually reduced iron of large particle size. In the past, counter flour, which makes up about 60% of the total flour consumed, was imported directly and was sometimes fortified with iron and B vitamins but usually not. Counter flour is the main type consumed by the lower socio-economic class.
Since July 1984 all baking flour and counter flour have been milled in Jamaica by the Jamaica Flour Mills. Both types of flour are fortified at the following levels:
• thiamine, 6.3 mg/kg, • riboflavin, 3.9 mg/kg, • niacin, 52.8 mg/kg, • iron, 44.0 mg/kg. Iron is added in the reduced form of large particle size and provides a 70% increase in the iron content of the flour. The use of electrolytically reduced iron is being considered.
Discussion
Protein-energy malnutrition in the English-speaking Caribbean, although on the decline during the last two decades, remains a public health problem. From 2% to 15% of children were below 80% of the NCHS/ WHO standard in 12 Caribbean countries. In another country 24% of children were reported malnourished by this criterion. This malnutrition is found largely in specific geographic pockets in most countries [1] .
In addition, a large proportion of the population in all age groups suffer from varying degrees of anaemia, which available evidence suggests is caused primarily by a deficiency of iron. Deficiencies in folate and vitamin B 12 have been noted occasionally in Trinidad and Tobago and Guyana among nationals of East Indian origin, but their prevalence is much less than that of iron deficiency [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] .
In a recent island-wide survey in Grenada, anaemia was found in all age groups in the population. Sixtytwo per cent of pregnant women had hemoglobin levels below the WHO recommended haemoglobin standard. The high prevalence of iron deficiency as exhibited by low plasma ferritin levels was even more striking; it too was found in all age groups but was particularly high in pregnant and lactating women and pre-school children. Sixty per cent of pregnant women, 53.6% of lactating women, and 61.7% of preschool children had ferritin levels below 12 microg/litre, indicating no iron reserves [14] . In another study, conducted in 1989 on an eastern Caribbean island, 48% of pregnant women had plasma ferritin levels below 12 ,microg/litre (C. Ferris, personal communication), which again represents iron deficiency as a public health problem in the Caribbean. Vitamin-A deficiency severe enough to cause eye lesions is extremely rare. Among the B vitamins, only riboflavin shows evidence of clinical deficiency [15] . Scurvy (vitamin-C deficiency) and rickets (vitamin-D deficiency) are virtually unknown [1] . The fortification of cow's milk with vitamin D has been credited as a major factor in removing infantile rickets as a public health problem. Non-fat milk often has added vitamins A and D. Most milk and milk products in the Caribbean, including butter, as well as margarine, are fortified with vitamins A and D.
There is a high prevalence of dental caries in some Caribbean countries. A survey conducted in 1984 showed a very high prevalence of caries, according to the classification established by WHO, among Jamaican children [16] . Approximately 60 countries throughout the world add fluoride to either drinking water or salt. In September 1987 the government of Jamaica started adding fluoride as well as iodine to all salt in the country. The level was 250 mg of fluoride per kilogram of salt, which increased the cost of salt to the consumer by four cents per kilogram. There is one salt factory in Jamaica and some of this fortified salt is exported to Belize, Grenada, Saint Vincent and the Grenadines, Barbados, Trinidad and Tobago, and Saint Lucia.
Iron has been added to fish sauce, sugar, salt, pasta, cornmeal, infant foods, breakfast cereals, and MSG, but it is most widely used to fortify wheat flour [17; 18] . The technology for adding iron to cereal foods (generally as a component of a vitamin-mineral blend) has been well developed over the past 40 years and has been greatly facilitated by the fact that these foods are centrally processed in a manner that easily lends itself to control of the addition of nutrients. There still remain questions as to which form of iron can and should be used by the manufacturers in various applications. The processors primarily use reduced iron or ferrous sulphate; some use insoluble phosphates such as ferric orthophosphate or sodium-iron pyrophosphate.
Reduced iron can be produced by either hydrogen or electrolytic reduction of iron oxide. Its bioavailability and chemical reactivity depend on the particle size. The smaller particles are better absorbed. One form of reduced iron is the electrolytically reduced type that has a very fine particle size (20 microns) and good bioavailability.
Hydrogen-reduced iron is reduced mechanically to a particle size of about 44 microns. This large-particle iron has poor bioavailability in comparison to that of ferrous sulphate or electrolytically reduced iron [19] . However, it is what is usually used to fortify foodstuffs because it is one of the least expensive forms of iron available. Ferrous sulphate is widely used for food fortification when soluble iron is considered necessary and also for therapeutic doses in the treatment of acute iron-deficiency anaemia. Iron sulphate tends to cause rancidity and discoloration in flour when used at high levels or when the flour is stored for a long period under high humidity. However, it is inexpensive, has excellent bioavailability, and is often used for fortification of wheat flour.
Another type of iron that could be used is iron sodium EDTA. Experiments so far have shown that this compound has an absorption rate similar to that of haemoglobin iron in both animals and pre-school children. This iron does not seem to enter the inorganic iron pool of the diet, and therefore its availability is not influenced by inhibiting substances in food. Although it is much more expensive than ferrous sulphate or reduced iron, this is compensated for by its higher availability.
Since iron deficiency anaemia is a major public health problem, programmes for changing the iron status of West Indians should receive attention. A programme that would have wide usefulness would be to change the type and level of iron added to wheat flour. In Jamaica the level of iron has been increased from 26 to 44 mg per kilogram of wheat flour. Careful consideration should be given to changing the level of iron at other flour mills in the Caribbean. Given the high level of iron deficiency in the Caribbean countries and the fact that wheat flour is the staple food of the population, such a programme should merit high priority.
